AppendixC Absorbed Dose Distributions; Conversion Factors
This appendix presents representative tables of the variation of dose with penetration distance, for various geometrical source arrangements, and of conversion factors between the fluence of incident beams and absorbed doses at various depths. The calculations are outlined in Section 6.
c.! Monoenergetic Electrons

C.l.! Isotropic Point Source in an Infinite
Medium Table C .1 gives the variation with distance, r, of dimensionless absorbed doses in water from isotropic sources of one disintegration and of various energies. The number of significant figures does not reflect the accuracy. Statistical uncertainties are less than about 2% for rlro ::::; 0.75 , but increase rapidly at larger distances. Systematic uncertainties are difficult to estimate but, on the basis of past experience, are believed to be between 3% and 5%. Values at additional energies are given by Seltzer (1993a).
C.l.2 Depth Dose Distributions for Normal
Incidence Table C .2 shows values of the absorbed dose per unit fluence (MeV g-l cm 2 ) at depth z (g cm-2 ), multiplied by rolE to make them dimensionless and normalize the areas. Values of absorbed doses per unit fluence (nGy cm 2 ) can be obtained by multiplying the tabulated values by 0.1602 Elro-
C.l.3 Variation of Absorbed Dose with Angle of Incidence
Tables C.3 to C.6 show values of absorbed dose per unit fluence (nGy cm 2 ) when a broad beam of electrons is incident on the surface of a water slab of large area, at various angles of incidence a. They are calculated at four depths-0.07, 0.4, 3 and 10 mm-of importance in assessing damage to the skin, eye and testes. As stated in Section 2, absorbed doses for a slab have nearly the same numerical values as those for the surface of the ICRU sphere, i.e., D'(d, a) . Tables C.7 to C.9 show the same quantities calculated at 3 depths, for electrons incident on a slab of ICRU tissue.
C.2 Beta Radiation
C.2.! Isotropic Point Source in an Infinite
Medium Table C .10 gives absorbed dose rates for some beta emitters in an infinite water medium, obtained by integrating data for monoenergetic electrons, such as those given in Table C .1, over the beta spectrum. The quantity tabulated in the second column for each emitter is the absorbed dose rate (nGy h-1 ) at distance r (cm) from a 1 Bq source, multiplied by r2. This factor removes the large variations at short distances caused by the inverse square law. The distance intervals are not always equal: smaller intervals are sometimes used at shorter distances. The uncertainties in these values come mainly from those in the monoenergetic electron data and are similar. The number of figures given in the table does not represent the uncertainties.
The third column for each nuclide gives absorbed dose rates, Dp1(r,00), at r cm from a plane source of infinite area, of 1 Bq cm-2 , inside a large water medium. It is calculated by integration of the point source dose rates, i.e., by Dp1(r, (0) = 2'lT IX rD(r) dr.
This dose rate also applies on the axis of a source of circular area, having a radius greater than r max , the maximum range of the beta rays. At r = 0, the plane source dose rate becomes infinite. Between r= 0 and the next value of r, D p1 (r,oo) is approximately proportional to -In r, and interpolation should be done on this basis. At other depths, linear interpolation in r is adequate.
These plane source distributions do not apply to contamination on the skin (for which data are given in Section C.2.2) since they are based on the assumption that there is water on both sides of the source plane. Comparison of the values in Tables C.10 and C.II yields values of backscatter factors, as discussed in Section 6.4.
C.2.2 Surface Sources: Skin Contamination
For a "point" or small-area source, the dose equivalent required for comparison with ICRP recommended limits on skin dose is that at 0.07 mm depth, averaged over I cm 2 . Table C .lI gives distributions of absorbed dose rates from (isotropic) point sources of 16 beta emitters, on an air-water boundary. These rates are averaged over a circular area of 1 cm 2 • The corresponding dose equivalent rates at a depth of 0.07 mm are very close to H'(0.07). The accuracy is believed to be about the same as for point sources in an infinite medium. Table C .12 shows distributions of absorbed dose rates with depth, from sources of 1 Bq cm -2 distributed uniformly over a 100 cm 2 circular area. Absorbed dose rates at 4 depths of importance (0.07, 0.4, 3, 10 mm) are given for a larger number of nuclides in Tables C.13 (1 cm 2 sources) and C.14 (100 cm 2 sources). Table C .15 shows absorbed dose rates (nGy h-1 ) in water as a function of depth, when broad, parallel beams of 1 electron cm-2 S-1 from various beta emitters (including conversion electrons) are incident normally on the surface. These distributions approximate those from sources at sufficient distance from the body that beta rays are incident nearly normally.
C.2.3 Normally-Incident Parallel Beams
However, as mentioned in Section 6.3.4, the approximation may not be very exact because of the effects of air scattering. The accuracy improves with increasing beta energy but becomes worse with increasing distance from the source. The fluence is, of course, that at the surface of the body. Table C .16 gives absorbed dose rates at depths of 0.07, 0.4, 3 and 10 mm for a larger number of beta emitters. Emitters with endpoint energies lower than 225 ke V are omitted from these two tables since, at large enough distances to give a beam that is parallel from a geometrical point of view, the beam would be highly non-parallel because of air scattering.
C.3 Conversion Factors for Fission Products
in the Air or on the Ground Table C .17 shows conversion factors relating dose equivalent rates at 0.07 mm depth in water to activity concentrations in air CEq m -3) or on the ground (Bq m -2) for the most important fission products. These factors are discussed in Section 6.8. (z, E) . rolE, for electron beams of energy E(MeV) incident normally on water. D(z, E) is the absorbed dose in MeV· g 1 at depth z (g . cm -2), per incident electron· cm -2. Depths are given relative to ro (g. cm -2), the CSDA range (Cross et al., 1991) C.5-Values of absorbed dose/fluence (nGy cm 2 ) at 3 mm depth in a water slab, irradiated by monoenergetic electrons at various angles of incidence, a. (Grosswendt and Chartier, 1994) . Energy MeV 0.80 1.00 1.50 2.00 3.00 4.00 7.00 10.00 C.S-Values of absorbed dose/fluence (nGy cm 2 ) at 3 mm depth in a slab of ICRU tissue, irradiated by monoenergetic electrons at various angles of incidence, a. They are numerically approximately equal to H' (3, a)/fluence (Grosswendt and Chartier, 1994) .
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